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Evaluation Using Dynamic Characteristic of Steel Structures under Periodical Impact Loads
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Abstract

Recently, safety diagnosis of the existing structures has been emerged as important issue. In particular, systematical
and precise safety diagnostics for steel structures for power substation, have been required. Steel structures for power
substation are under the periodical impact loads from operations of gas insulated switchgear. These loading condition
accelerates damage and aging of structure. The objective of this research is to evaluate damage of structure under
periodical impact loads. To evaluate the integrity of structures as organizing mathematical models including the dynamic
characteristics of structures, Frequency Domain Decomposition method was choiced and an algorism was proposed. For
verifying this methods and algorism, a mathematical model is composed of the development of a variety of reverse
analysis and a signal processing technology reflecting physical damage of structures. A series of analysis and test results
indicatge that proposed method has a confidence for applying a filed test. Therefore, it is expected to be able to take
advantage of system identification to detect damage for the maintenance and management of steel structures under
periodical impact loads such as power substation.
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Table 1 Natural frequency

Mode Number Model—1 Model—2 Model—3
1 0.018119 0.018072 0.018066

2 0.020188 0.020243 0.020252

3 0.022547 0.022533 0.022521

4 0.024111 0.024481 0.024499

5 0.032865 0.032315 0.03218

6 0.040715 0.040746 0.040706

7 0.049236 0.049042 0.04891

8 0.098695 0.096711 0.097208

9 0.14423 0.14116 0.14137

10 0.30515 0.25894 0.25911
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Fig. 5 Stress under the shutting—down of GIS
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Fig. 7 Acceleration response of the center point at 1F(Left) and
the end of the beam at B1F(Right)

Table 2 Strain of measurement point

Measurement point Strain
Center of a beam(B1F) 9.37E-02 —1.98E-03
End of a beam(B1F) 3.02E-02 —3.75E-03
End of a beam(1F) 5.03E-02 —3.72E—05
Top of a column(1F) 4.92E-02 —3.72E—05
End of a beam(2F) 5.03E-02 —3.72E—-05
Bottem of a column(2F) 2.27E-03 —1.28E-02
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Fig. 8 Time—strain curve of a center of the beam under GIS for
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Fig. 9 Equivalent strain of a center of the beam under GIS
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Table 3 Accumulated damage of a measurement point

) ) Accumulated damage
Measurement point Time

1 year 30 years

Ask 15 = 7% o 15.6 | 3.02403E-24 | 9.07208E—-23

At 15 A5 Vs 15.5 | 5.88668E—29 1.766E—-27

At 15 2 oy 15.6 | 2.39376E—-27 | 7.18128E—-26

1% 35 71% e 15.1 | 1.59208E—21 | 4.77623E—20

15 5 9= g 155 | 3.92423E-22 | 1.17727E—20
1% 5 715 2% 15.5 | 4.59088E—18 | 1.37726E-16
2% % 71T AT 155 | 7.5098E-16 | 2.25294E-14
2% 95 7% 15.9 | 3.95096E-14 | 1.18529E-12

Table 4 Index for accumulated damage
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Table 5 Analysis model
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Fig. 10 Impact points and a test specimen
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Table 6 Comparison between FDD analysis and FEM results

IAFET ()
ASAS) Type 1 Type 2 Type 3 Type 4
s)4] | FDD | &4 | FDD | &4 | FDD | @4 | FDD

1 124 | 125 | 103 | 11.0 | 11.0 | 11.0 | 8.2 8.2

2 415 | 399 | 376 | 36.0 | 37.3 | 36.0 | 39.6 | 38.1

3 75.5 | 76.7 | 79.6 | 80.0 | 71.6 | 740 | 70.7 | 73.3
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Table 7 FDD analaysis results by the experiment
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Table 8 Comparison of Natural frequency between FEM and experment

Table 9 Assessment by damage index
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